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ABSTRACT

This report was prepared by the Douglas Aircraft

Company for the National Aeronautics and Space

Administration to present the structural design

qualification test results on the Saturn IB/S-IVB

Aft Interstage Assembly, P/N LA58682-503 "Y Change"

(Reference: SM-_1412 S-IVB General Test Plan Item

No. A-23). The aft interstsge assembly is installed

on the Saturn IB Vehicle between the S-IB forward

skirt and the S-IVB aft skirt.

The aft interstage structural assembly sustained the

single load parameters of axial compression, bending

moment, and internal pressure, and also the Maximum

(zQ design limit load with no evidence of detrimental

permanent set. Failure of the aft interstage occured

under an applied load of 1,800,000 pounds-compresslon,

which is equivalent to 155 per cent of the theoretical

design limit value of 1,160,O00 pounds. The failure

mode was: buckling of the stringers Just aft of the

forward attach ring and extending completely around

the circumference of the aft interstage. Based on

analytical evaluation performed, in conjunction with

the test data, the S-IVB/IB aft interstage is adequate

for its intended use.
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i. INTRODUC TI ON

This report contains the results of a structural design qualification

test performed on a Saturn IB/S-IVB aft interstage structural _ssembly.

Testing was initiated on 30 September 1965 and was completed on

15 October 1965. All tests were performed at the Structural Test

laboratory located at the Douglas Space Systems Center, Huntington

Beach, California.

I.i Background

This test is Phase III of a three-phase test program to qualify the

Saturn IB/S-IVB aft interstage and its attachment structural installa-

tions. _e three phases of this program are:

a. Phase I Qualification Test of the Retro-Rocket

Installations, Saturn IB/S-IVB Aft Interstsge,

SM-47501 (SM-41412 S-IVB General Test Plan

Item A-27)

b. Phase II Qualification Test of the Aerodynamic

Extension Fairing Installation, Saturn IB/S-IVB

Aft Interstage, SM-47363 (SM-41412 S-IVB

General Test Plan Item A-36)

c. _lase III Qualification Test of the Saturn IB/S-IVB

Aft Interstage Structua_al Assembly, SM-41628

(S_I-41412 S-IVB General Test Plan Item A-23)

_ne results of each phase of testing are submitted in separately

bound reports and are assigned unique report numbers.

1.2 Description

The S-I_B aft interstage is located bet_een the S-!VB aft skirt and the

S-IB forward skirt on each Saturn IB vehicle. (See figures 1 and 2.)

_ne aft interstage structural assembly is basically a cylindrical

section 260 inches in diameter and 224 i/2 inches in length, consisting

of skin and external stringer type construction. _le skin is made

from 7075-T6 aluminum alloy sheet chemically etched to the desired

thickness (.032 to .071 inches.) One hundred and twelve hat-section

stringers made from 7075-T6 altuninu_n extrusions are riveted to the

skin and are equally-spaced around the external skin cylinder. This

cylindrical structure is supported internally by ten circular 7075-T6

altL_inum ring frames located horizontally around the cylinder circu_-

ference and by eight forged 7079-T6 alua_inum reaction beams installed

perpendicular to the ring frames and extending from the aft interface

to Ring Plane No. 5.

k_J



1.3 sc__92a

The Phase III portion of the aft interstage test program consisted of

applying the following loads to the aft interstage structure:

s. Axial Compression (Ref: Test No. 4)

b. Bending Moment (Ref: Test No. 5)

c. Internal Presstu4e (Ref: Test No. 6)

d. Maximum (_Q Design Limit (Ref: Test No. 7)

e. MECO Design Ultimate and Failure (Ref: Test No. 8)

The referenced test numbers denote their test sequence in the over-all

aft interstage test program, which include test Phases I, II, and III

described in paragraph 1.1. (A total of nine tests were performed

during the three-phase test program and are described in figures

3 and 4.)

1.4 Purpose

The purpose of this test was to verify the structural integrity of

the aft interstage structure under design loads. Foll_ling this

verification, the structure was to be loaded to ultimate failure to

determine the capability of the structure. Strain and deflection

data measured during the test are to be used to verify the aft

interstage analytical design methods.

TEST PART AND EQUIPMENT

2.1 Test Part

The test specimen was an Aft Interstage Structural Assembly,

P/N 1A58682-503 "Y Change" (see figure 2).

2.2 Test Equipment

The follm_ing list of equipment _¢as used during the performance of
this test:

a. Digital data system

b. X-Y recorder

c. Resistance bridge indicator

d. Air pressure control panel

e. Air manometer

f. Internal pressure Jacket

g. Force transducers (Load cells and load rings)

%2
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2.2 Test Equipment (continued)

h. Pressure transducers and gages

i. Deflection transducers

j. Strain gages

The data gages and transducers are described in detail in Appendix 6.

(

, TEST REQUIREMENTS

3.1 Applicable Documents

3.1.1 SM-41412, Item A-23, S-IVB General Test Plan

3.1.2 SM-46657, Test Plan for the S-IVB/Saturn IB Aft Interstage
Assembly Structtu-al Test "A Revision."

3.2 Test Loads

Simulated flight loads shall be applied to the aft interstage to

verify its structural integrity. Design limit loads for the

Maximum _Q and Main Engine Cut-Off conditions are as follows:

a. Maximum _

l)

2)

3)

Internal Pres stu-e

Station 962

Bend ing Moment
Shear

Axial Compression

Station 1186.5

Bending Moment

Shear

Axial Compression

b. Main Engine Cut-0ff (MECO)

l)

2)

Station 962

Bend ing Moment
She ar

Axial Compression

Station 1186.5

Bend ing Moment

Shear

Axia I Compress ion

2.0 psi

= 27,400,000 in-lbs

= 1,000 ibs

= 660,000 ibs

= 27,180,O00 in-lbs

= _ 1,000 Ibs

= 650,000 ib s

= 0

: 0

: 1,160,000

= 0

= 0

= 1,140,000

ibs

ib s

_--if

132)

I_,> o



3.2.1 The desig_n limit loads for the Maximum oQ and the MECO load

conditions shall be applied in the manner and sequence described

below. Data shall be measured and recorded at the completion of

each load increment.

a. Axial Compression Load

An axial compressive load of 1,160,000 pounds (MECO Design

Limit at Station 962) shall be applied in i0 equal increments

of 116,OO0 pounds each from zero to 1,160,O00 pounds. There

shall be no evidence of detrimental permanent set to the aft

interstage as a result of this load.

b. Bend ing Moment Load

A bending moment load of 8,220,000 inch-pounds (30 per cent of

the Maximum OQbendingmoment component at Station 962) shall

be applied in three equal increments of 2,740,000 inch-pounds

between zero and 8,220,000 inch-pounds. There shall be no

evidence of detrimental permanent set to the aft interstage

as a result of this load.

c. Internal Pressure Load

A maximum internal pressure of 2.0 psig (Maximum OQ internal

pressure component) shall be applied in 0.5 psig increm@nts

between zero psig and 2.0 psig. There shall be no evidence

of detrimental permanent set to the aft interstsge as a

result of this pressure load.

d. Maximum _q Load

Maximum c_Q design limit loads shall be applied to the aft

interstage. The axial compression load and the bending moment

load components shall be applied in i0 per cent increments

of their respective Maximum O_ design limit load values to

80 per cent. An internal pressure of .5 psig shall be

applied and held while the axial compression and bending

moment load components shall be increased to 90 per cent

of their respective Maximum c_Q design limit load values.

The internal pressure shall be increased to l.O psig and

held while the axial compression and bending moment load

components are increased to their respective Maximum OQ

design l_mit load values and held. The internal pressure
shall be increased to 1.5 psig then to 2.0 psig, thereby,

reaching Maximum c_Q design limit load.

%.J

k.J

4



d. Maximum (_ Load (continued)

The loads shall be reduced in reversed sequence to its appli-

cation, down to 80 per cent of Maximum (_Q design limit load

values for the axial compression and bending moment load

components. The remaining axial compression and bending

moment load components shall be reduced to 20 per cent of

their respective Maximum c_Q design limit load values, then
to zero load.

There shall be no evidence of detrimental permanent set to

the aft interstage as a result of this loading.

e. MECO Design Ultimate and Failure Load

The Main Engine Cut-Off Load shall be applied in 20 per cent

increments of MECO design limit load from zero to MECO design

limit load, then in I0 per cent increments of MECO design

limit load to MEC0 design ultimate load, then increased con-

tinuously to failure. The aft interstage shall sustain

design ultimate load without failure.

k_J

, TEST SETUP AND PROCEDURE

4.1 Test Setup

The aft interstage test specimen was mounted in a test fixture

that simulated, to a reasonable degree, the forward interface

attachment and support structure, and the aft loading through

the eight reaction beams. The test fixture was designed to

assure that failure would occur in the aft interstage structure

during the MECO failure test condition. (See figures 5 through

15 for test setup descriptions.)

4.1.1 The upper portion of the test jig, P/N IA46669 "New", con-

sisted of a steel loading head, which was counter-balanced by an

independent hydraulic system ultilizing nitrogen gas in the Jack.

4.1.2 An aluminum semi-monocoque structure simulating the aft

skirt structural assembly was attached between the steel loading

head and the forward interface ring of the aft interstage.

4.1.3 The aft end of the aft interstage was attached to the

fixture base through load cells at each of the eight reaction

beams. A total of 24 load transducers (one load cell and two

load rings at each reaction beam) was used to measure the vertical,

radial, and tangential reactions induced during the test program.

Calibration of these load transducers at each hard-point location

prior to installation of the aft interstage showed negligible

interaction between the axial, radial, and tangential components.

4.1.4 Axial loads were applied to the specimen assembly by 24

hydraulic tension jacks attached from the loading head to the

floor tracks. These Jacks were installed along the inner

circumference of the specimen assembly.



4.1.5 Bending momentloads were applied to the specimen by horizontal

hydraulic tension jacks (PI) and horizontal hydraulic compression Jacks

(P2), that were attached to the loading head and the hard core of the

test laboratory. (See figure 5.) The method used to determine P1 and

P2 loads using Maximum c_Q design limit load values are as follows:

Bending Moment (at Sta. 962)

Bending Moment (at Sta. 1186.2)

Eq. l: (563.6)P I - (383.6)P 2

Eq. 2: (339.1)P 1 - (159.1)P 2

Eq. 2: P1 = 27,180,000

= 27,400,000

= 27,180,000

= 27,400,000

= 27_180,000

+ (159.1)P2

in- Ib s

in-lbs

339.1

Eq. i & 2:563.6 I__T,180,O0O + (159.1)P__2U-(383.6)P 2 = 27,400,000

iJ

Eq. I:

P2 = 146,500 ibs-compression

(563.6)P 1 - (383.6) (146,500) = 27,400,000

P1 = 148,000 ibs-tension

4.1.6 Internal pressure loads were applied by a pressure jacket assembly

attached on the inner cylindrical surface of the aft interstage. This

assembly consisted of a cylindrical-shaped steel Jacket and s pressure

bladder. The bladder was contained between the inner surface of the

aft interstage and the steel jacket. Air pressure from the plant main

air pressure supply regulated through a separate pressure control

panel was used to pressurize the bladder.

4.2 Test Procedure

4.2.1 A preload functional check was performed prior to applying the

single parameter test loads of axial compression, bending moment, and

internal pressure (Tests Nos. 4, 5, and 6, respectively) to verify the

operational status of the instrumentation system and the test setup.

Approximately 50 per cent of each applicable test load was used as the

maximum preload. The preload test data for each test were evaluated

before applying the formal test load.

4.2.2 The formal qualification test loads were applied in the manner

and sequence described bel_. All data gages and transducers were

recorded continuously during the test. At each incremental load level

a ten-second hold of the test load with a flagging and editing of the

data was performed. The edited data constitutes the tabulated values

submitted in Appendices 1 through 5. Tables 1 through 5 describe the

%.J
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4.2.2 (continued)

desired loading schedule for Tests 4 through 8, respectively. Each

load increment of these schedules are identified by a Load Condition

which represents the theoretical (or desired) load increment at which

data were recorded. Actual data measured through the Digital Data

System are presented at these Load Condition levels and constitute the

formal data values on which the qualification test results and
conclusions are based.

a. Axial Compression Load (Ref: Test No. 4)

The axial compression load specified in paragraph 3.2.1 (a) was

applied in I0 per cent MECO design limit load increments to MECO

design limit load. The load was reduced to zero load.

(See Table i.) Photographs of the aft interstage under load are

shown in figures 16, 17, and 18.

b. Bending Moment Load (Ref: Test No. 5)

The bending moment load specified in paragraph 3.2.1 (b) was

applied in i0 per cent increments of the Maximum _Q bending

moment load component to 30 per cent of the Maximum O_

bending load component. The load was reduced to i0 per cent

of the Maximum _Q design limit bending moment load compon@nt,

then to zero load. (See Table 2.)

c. Internal Pressure Load (Ref: Test No. 6)

The internal presstu_e load specified in paragraph 3.2.1 (c)

was applied in .5 psig increments from zero psig to 2.0 psig

(Maximt_ _Q design limit internal pressure component).

Pressure was then decreased from 2.0 psig to zero psig in

•5 psig increments. (See Table 3.)

d. Maximum _q Design Limit Load (Ref: Test No. 7)

The Maximum _Q design limit load was applied as specified in

paragraph 3.2.1 (d). _le axial compression and bending moment

load components were applied simultaneously in i0 per cent

increments of their respective Maximmn _Q design limit values

to 80 per cent. Holding these loads at 80 per cent, an internal

pressure of .5 psig was applied to the pressure bladder. The

axial compression and bending moment load components were

increased to 90 per cent of their respective Maximum o_ design

limit values and held. _e internal pressure was increased to

1.0 psig. The axial compression and bending moment load

components were increased to their respective Maximum _Q

design limit load values and held. The internal pressure was

increased to 1.5 psig, then following a flag and edit of data,

the pressure was increased to 2.0 psig. (The aft interstsge

structure was nm_ at Maximum c_Q design limit load condition.)

7



4.2.2

d. Max!mum o_ Design L,imit Load (continued)

The loads were removed in reversed sequence to its application

down to 80 per cent of the axial compression and bending moment

Maximum C_ desi_u limit load values. The remaining axial

compression and bending moment load components were simultaneously

removed to 20 per cent of their respective Maximum c_Q design

limit load values, then to zero load. (See Table 4.) Fhoto-

graphs of the aft interstage under load are shown in

figures 19, 20, and 21.

e. ME"CODesign Ultimate and Failtu-e Load (Ref: Test No. 8)

The Main Engine Cut-Off load conditions were applied as specified

in paragraph 3.2.1 (e). The MEC0 load was applied in 20 per cent

MECO design limit load increments to MEC0 design limit load, then

in 10 per cent MEC0 design limit load increments to MECO design

ultimate load, (i._ x design limit) then increased continuously

to failure. (See Table 5.) Eight movie cameras, four low-speed

and four high-speed were placed around the aft interstage to

give a full 360-degree film coverage. The four low-speed cameras

(two at 7 frames/second and two at 2g frames/second) were turned

on at MEC0 design limit load and were allowed to operate con-

tinuously until failure occurred. The four high-speed cameras

(three at i00 frames/second and one at 120 frames/second_ were

turned on at 130 per cent of MEC0 design limit load and were

allowed to operate continuously until failure occurred.

%J

t.2

o TEST RESULTS

The Saturn IB/S-IVB Aft Interstage Structural Assembly, P/N 1A58682-503

"Y Change," met the qualification test requirements. A summary of the

maximum measured test loads are presented in Table 6.

5.1 The aft interstage assembly showed no evidence of detrimental

permanent set under the axial compression load (equivalent MEC0 design

limit load), the bending moment Load (30 per cent Maximum GQ design

limit bending moment load component), the internal pressure load

(Maximum c_Q design limit internal pressure load component), and the

Maximum C_ design limit load. During the Maximum OQ design limit

load test, wrinkles began appearing in the skin area at about

40 per cent MaXimum C_Q design limit load; however, these wrinkles

were considered of normal magnitude.

5.1.1 The data from the axial compression load test (Ref: Test No. 4)

are presented in Appendix 1.

5.1.2 The data from the bending moment load test (Ref: Test No. 5)

are presented in Appendix 2.

%.i



5.1.3 _le data from the internal pressure load test (Ref: Test No. 6)

are presented in Appendix 3-

5.1.4 The data from the Maximum _Q design limit load test

(Ref: Test No. 7) are presented in Appendix 4.

5.2 _e aft interstage assembly sustained MECO design ultimate load

without failure. Failure occurred at 155 per cent of MECO design

limit load when the stringers located just aft of the forward attach

joint buckled. The failure extended completely around the circum-

ference of the aft interstage. The buckled area was contained

between the forward attach ring plane and ring frame number 9. The

failed area was also characterized by partially debonded doublers

and torn skin areas along stringer base rivets and at several areas

between stringers. The web cell areas at the aft end of several

reaction beams were slightly deformed and set. Photographs of the

aft interstage failure area are shown in figures 22 through 31. _le

maximum aft end reaction beam permanent set is shown in figure 32.

5.2.1 The data from the MECO design ultimate and failure test

(Ref: Test No. 8) are presented in Appendix 5.

. CONCLUSION

The results of this test have verified the structural integrity of

the S-IVB/IB aft interstage (P/N IA58682) when subjected to the

critical design loads per MSFC Memorandum M-P&VE-SD-396-62. The

test does not directly qualify the flight configured aft interstage

(P/N IB29836) which has been redesigned to accommodate the increased

loads in MSFC Memorandum R-P&VE-SL-212-63. _%e analyses conducted on

the specific components of the test configuration of the aft interstage

were compared to data from the test. These comparisons confirmed the

adequacy of the analytical methods for use on the flight configuration.

Therefore, these analytical methods, in conjunction with methods con-

firmed by the forward and aft skirt qualification tests were employed

to verify the structural integrity of the flight configuration. Based

on the analytical evaluation performed, the S-IVB/IB aft interstage

is adequate for its intended use.



TABLE 1

LOADING SCHEDULE FOR TEST NO. 42 AXIAL COMPRESSION

%W

LOAD

CONDITION

lO

2O

no

TOTAL COMPRESSION LOAD

(Lbs)

0

116,0o0

23_ 000

3_8,0Q0.

_6h,O00

580,001/

7o

8o

9o

____ I(_

2O

928,000

.l,.1.60, 0(_

232,000

Table I Notes

i. Load condition IO0 represents the design limit MEC0 load of 1,160,000

pounds-compression at Station 962, as specified in SM-k6657 "A". All other

loads are in I0 per cent multiples of design limit MEO0 load.

L J
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TABLE 2

DOADI_G SCHEDULE FOR TEST NO. _l BENDING MOMENT

LOAD

CONDITION

_ 0

__ 10 .... l_,.800.._.........

....20.............29,6_ ......

__zo z_8oo __

O ......... Q ..............

z__,659 ............. 2, T.__, ooo

_,3, 950 .......... 8, z2o, ooo

.......14, 65o ............. 2, 7_-0, ooo ._.

........................................ 7

TENSION (_PI)__ _ COMPRESSION (P___ s__$_%_tion962 i@station ij.86.5

o .................. o ...... o I o

-, .. 2,718, _000

.... 5,436, QQO___.

: 8,15_, .00o

2,718,000

.............. o_............... O ....... ' ....... o

Table 2 Notes
i

i. Load condition 30 represents 30 per cent of the design limit Maximum
Q bending moment components at Stations 962 and 1186.5 as specified

in SM-h6657 "A". The tension (PI) and compression (P2) applied loads are

the moment producing loads described in figure 5.
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TABLE 3

LOADING SCH_E_DULEFOR TEST NO.. 6,. INTERNAL PRESSURE

LOAD

CONDITION

0.5

1.0

REQUIRED PRESSURE
(psi)

0

0

0.5

1.0

MANOMETER PRESSURE

(pslg)

INCHES OF WATER (REF)

(In.)

0 0

0.5 13.85

1.0 27.7

1.5 1.5 1.5 41.55

2.0 2.0 2.0 55.4

1.0 1.0 1.0 27.7

0 o

Table _ Notes

Load condition 2.0 represents the Maxlmumo<Q design limit internal

pressure differential component of 2.0 psi across the inner-to-outer

wall surfaces, as specified in SM-46657 "A".

v
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TABLEh

DOADI_G SCHE_ FOR TEST NO. 7_ MAXIMUM _ q

LOAD

CONDITION

10

.... 198 ooo30 ........................ ; ............

I_o 261b000

____Q 330_000

60 :19_000 ___

___7_0 462,000

....__.......... 128_,0oo
8o

9o

AXIALcO_sszoN BmmZ_o.0_ S_R
(Lbs.) (In.-Lbs. ) (Lbs.)

0 0 0

8,220,000

lO,96o,ooo

!3,.700____

........... !9,_!_, 000 .........

Zl, 92o, ooo

i00

i00

I00 _

i00

i00

5_..OCZO
_._,_ooo
660,000

660,000

660,000

660,000

660,000

2_,,___ ooo

2__660_000

27",h!)O_,____......

...... _____,1400,000

zL *_oo___ooo.......

'_..... 90 ...... 594, _ .......... 24, 6_z_ ....

___ bOO0_:) ........... 59 , ......
80

80

2O

0

_aS.0_ZO....

13_ooo

0

..... z_1,9__, ooo

_____5, _l_BO,O00 _

0

3oo

bOO

6O0

7O0

IWlERRAL

PRESSURE

£Psi_ )

0

0

0

0

0

0

0

0

800 0

8oo O.5

__j_o o. 5 _

9oo l.O

lO00

lOOO z. 5 _
i000 2.0

lOOO l. __

ZOO0 I.0

..... l.O

___900 .... 0:_

8oO

8Oo

0

1.0

Table h Notes

i. Lead condition i00 having the asterisk (*) represents the design llm_t

Maximum GQ condition. Refer to paragraph 4.h.2 for _ description of the
method used to a_ly the loads shown in Table h.

IS



TABLE5

LOADING SCHEDULE FOR TEST NO. 8 r MECO CONDITION TO FAILURE

LOAD

CONDITION

2O

4O

6O

8O

i00

llO

120

13o

14o

145

15o

155

0

_co LOADS
(Axial Compression)

(Lbs.)

232,000

464,000

696,000

928,000

i,160,000

i,276,000

i,392,000

l,508,00o

i,624,000

I,682,000

I,740,000

Failure

0

Table 5 Notes

Load condition i00 represents the design limit MECO load of

1,160,000 pounds-compression at Station 962 ss specified in

SM-46657 "A". All other loads are in per cent multiples of

design limit MEC0 load as shown.
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APOLLO COMMAND MODULE

(NORTH AMERICAN)

l
INSTRUMENT UNIT \

(MSFC)

t
S-IVB STAGE

(IX_UGLAS)

I

/ /

FORWARD SKIRT

CYLINDRICAL

TANK ASSEMBLY

I I I
I ! II

AERODYNAMICEXTENSION FAIRING

S-IB STAGE

(CHRYSLER)

NASA/MSFC
STATIONS

27OO

\

AFT SKIRT

AFT _ -f

INTERSTAGE /\

DOUGLAS

STATIONS

1663 -- 676.702

1187 -- 200.647

--1086 (GIMBAL)--100

962 -- -23.853

__--100 (GIMBAL)
1

Figure I. Saturn IB Vehicle Configuration
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NOTES:

1) P1 CONSISTSOF TWO40-SQUAREINCH HYDRAULIC TENSION JACKS

2) P2 CONSISTSOF TWO52-SQUAREINCH HYDRAULICCOMPRE_ION JACKS

P1

180.0

p

P2

-- STATION 1186.5

159.1

563.6

AFT
INTERSTAGE

P/N 1A58682-,503
"Y CHANGE"

STATION 962

383.6

Figure5. Diagramfor BendingMomentCalculations
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Figure 10. Loading Head Assembly
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HYDRAULIC
COUNTER-BALANCE
JACK

TENSION
LINKAGES

LOADINGHEAD
ASSEMBLY

WORKSTAND
3SECTIONS)

DUMMY
'AFTSKIRT

AFTINTERSTAGE
P,/N1A58682-503
"Y-CHANGE"

HARD-POINTLOADCELLS
(TYPICAL8PLACES)

SSC-009943 Figure 12. Aft Interstage Test SetupEnclosed by Workstands
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-= _LOADINGHEAD
" ASSEMBLY

i

!

COMPRESSION
LINKAGES

AFT INTERSTAGE
PIN IA58682-503
"Y-CHANGE"

V

SSC-012208 Figure 13. Aft lnterstage Test Setup
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SSC-012207 Figure 14. Partial View of the Movie CameraSetup
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SSC-009878 Figure 16. Aft Interstage Under 50 Percent MECO Design Limit Load (Ref: Test No. 4)
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SSC-009879 Figure 17. Aft Interstage Unde[ 90 Percent MECO Design Limit Load (Ref: Test No. 4)

32



SSC-009880Figure18. Aft InterstageUnderMECODesignLimit Load(Ref: Test No.4)

33



SSC-009972 Figure 19. Aft Interstage Under70 Percent Maximuma Q Design Limit Load

Less Internal Pressure (Ref: Test No. 7)

3,4



SSC-009973 Figure 20. Aft Interstage Under 90 Percent Maximum aQ Design Limit Load

with 0.5 PSIG Internal Pressure (Ref: Test No. 7)
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SSC-009974 Figure21. Aft InterstageUnderMaximum.Q DesignLimit Load
with 1.0 PSIGInternalPressure(Ref: Test No.7)
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APPENDIX 1

AXIAL COMPRESSION LOAD TEST DATA

Appendix I contains the test data recorded during the axial compression

load test (Ref: Test No. 4). The data gages and transducers used are

described in detail in Appendix 6. The following abbreviations and

methods are used throughout this appendix for the presentation of data:

a. LOAD COND: Load Condition reference

b. ADHS: Time reference for data editing in seconds

c. PR: Rosette strain gage

d. PG4: Uniaxial strain gage

e. Typical Data :

The following data interpretations are valid for all gages and

transducers, except for deflection transducers.

.202444-03 Indicates a numerical value of .000202 (Tension)

.202444 03 Indicates a numerical value of 202.444 (Tension)

-.202444-03 Indicates a numerical value of .000202 (Compression)

-.202444 03 Indicates a numerical value of 202.444 (Compression)

The positive (denoted as a lack of a sign) and the negative (-)

signs preceding deflection data are described in Appendix 6.

f. Column Headers :

The column headers are automatically generated by the program.

The gage identification for the rosette strain gage is of the

form XXXYYZ; where XXX is the gage location as designated in

Appendix 6, YY is a suffix designating the gage type, and Z

designates the applicable A, B, or C leg of the rosette. The

leg identification for the rosette calculations (Maximum Normal

Stress, Minimum Normal Stress, and Maximum Shear Stress) has

no meaning and should be disregarded. (e.g. 16717A would repre-

sent gage location number 167, which is a type 17 rosette strain

gage. The data presented are from the A leg.)

The identification for the uniaxial strain gages, deflection

transducers, force transducers, and pressure transducers is of

the form XXX-YY; where XXX is the gage (or transducer) location

ss designated in Appendix 6 and -YY is a suffix designating the

gage (or transducer) type. (e.g. 292-06 would represent gage

location number 292, which is a type 06 uniaxial strain gage.)



APPENDIXI (continued)

AXIAL COMPRESSION LOAD TEST DATA

g. Gage Orientation and Angle Reference:

h,

Maximum normal stress is the principal stress that is the highest

algebraic number computed. The minimum normal stress is always

at right angles to the maximum normal stress, and the maximum

shear stress is at a 45-degree angle to the maximum normal stress.

The angle to the stress axis is the angle, in degrees, that the

maximum normal stress makes with the A leg of a rosette. This

angle is positive when moving from the A leg toward the B

leg and negative when moving in the opposite direction from the

A leg.

Calculation Constants:

Modulus of Elasticity (E), Tension and Compression = 10.5 x 106 psi

Shear Modulus (G) = 3.9 x lO 6 psi

Poisson's Ratio (/z) = 0.35

5O
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IF

r
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J
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LOAD

1. LIMIT AXIAL LOAD: 1.16 X 106 LBS

PROCEDURE
A. PRETEST

1. APPLY 20%OF LIMIT LOAD FOR
FUNCTIONAL CHECKOUT OF
INSTRUMENTATIONAND JIG SET UP

2, APPLY 40%OF LIMIT LOAD FOR
FUNCTIONAL CHECK. REMOVELOAD

B. TEST
1, APPLY 100°/oOF LIMIT LOADS

IN 10%INCREMENTS. (RECORD
INSTRUMENTATIONCONTINUOUSLY)

2. REMOVELOAD
3. PROCESSDATA

TEST NO. 4. MECO CONDITION LIMIT AXIAL LOAD
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APPENDIX 2

k_J
BENDING MOMENT LOAD TEST DATA

Appendix 2 contains the test data recorded during the bending moment

load test (Ref: Test No. 5). The data gages and transducers used are

described in detail in Appendix 6. The following abbreviations and

methods are used throughout this appendix for the presentation of data:

a. LOAD COND: Load Condition reference

b. ADHS: Time reference for data editing in seconds

c. PR: Rosette strain gage

d. PGA: Un!axial strain gage

e. Typical Data:

The following data interpretations are valid for all gages and

transducers, except for deflection transducers.

•202h4h-03 Indicates s numerical value of .000202 (Tension)

.20244h 03 Indicates a numerical value of 202.444 (Tension)

-.202444-03 Indicates a numerical value of .000202 (Compression)

-.202444 03 Indicates a numerical value of 202.444 (Compression)

The positive (denoted as a lack of a sign) and the negative (-)

signs preceding deflection data are described in Appendix 6.

f. Column Headers:

The column headers are automatically generated by the program.

The gage identification for the rosette strain gage is of the

form XXXXYZ_ where XXX is the gage location as designated in

Appendix 6, YY is a suffix designating the gage type, and Z

designates the applicable A, B, or C leg of the rosette. The

leg identification for the rosette calculatlons (Maximum Normal

Stress, Minimum Normal Stress, and Maximum Shear Stress) has

no meaning and should be disregarded. (e.g. 16717A would repre-

sent gage location number 167, which is a type 17 rosette strain

gage. The data presented are from the A leg.)

The identification for the uniaxial strain gages, deflection

transducers, force transducers, and pressure transducers is of

the form XXX-YY; where XXX is the gage (or transducer) location

as designated in Appendix 6 and -YY is a suffix designating the

gage (or transducer) type. (e.g. 292-06 would represent gage

location number 292, which is a type 06 unlaxlal strain gage.)
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APPENDIX 2 (contlnued)

BENDING MOMENT LOAD TEST DATA %.#

g. Gage Orientation and Angle Reference:

h,

Maximum normal stress is the principal stress that is the

highest algebraic number computed. The minimum normal stress

is always at right angles to the maximum normal stress, and the

maximum shear stress is at a 45-degree angle to the maximum

normal stress. The angle to the stress axis is the angle, in

degrees, that the maximum normal stress makes with the A leg

of a rosette. This angle is positive when moving from the

A leg toward the B leg and negative when moving in the

opposite direction from the A leg.

Calculation Constants:

Modulus of Elasticity (E), Tension and Compression = 10.5 x 106 psi

Shear Modulus [G) = 3.9 x 106 psi

Poisson's Ratio (/_) = 0.35

/
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TO .NASAJIG

PAD 2

LOADS
1. LIMIT B.M.: 27.4 x 106 LBS

2. TEST LOAD:30% OF LIMIT B.M.

(8.22 x 106 LBS)
PROCEDURE

A. PRETEST

1. APPLY 5%OF LIMIT B.M. FOR FUNCTIONAL

CHECKOUTOF INSTRUMENTATIONAND
JIG SET UP.

2. APPLY 15%OF LIMIT B.M. & RECHECK
3. REMOVELOAD

4. PROCESSDATA

B. TEST

1. APPLY 30%OF LIMIT B.M. IN 10%

INCREMENTS(RECORD

INSTRUMENTATIONCONTINUOUSLY)

2. REMOVEB.M. LOAD AND RECORD
3. PROCESSDATA

TEST NO. 5. MAX _,Q CONDITION BENDING MOMENT LOAD
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APPENDIX 3

INTERNAL PRESSURE LOAD TEST DATA (REF: TEST NO. 6)
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APPENDIX 3

INTERNAL PRESSURE LOAD TEST DATA

Appendix 3 contains the test data recorded during the internal pressure

load test (Ref: Test No. 6). The data gages and transducers used are

described in detail in Appendix 6. The following abbreviations and methods

are used throughout this appendix for the presentation of data:

a. LOAD COND: Load Condition reference

b. ADHS: Time reference for data editing in seconds

c. PR: Rosette strain gage

d. PG4: Uniaxia! strain gage

e. Typical Data:

The following data interpretations are valid for all gages and

transducers, except for deflection transducers.

•202444-03 Indicates a numerical value of .000202 (Tension)

.202444 03 Indicates a numerical value of 202.444 (Tension)

-.202444-03 Indicates a numerical value of .000202 (Compression)

-.202444 03 Indicates a numerical value of 202.444 (Compression)

The positive (denoted as a lack of a sign) and the negative (-)

signs preceding deflection data are described in Appendix 6.

f. Column Headers :

The column headers are automatically generated by the program.

The gage identification for the rosette strain gage is of the

form XXXYYZ; where XXX is the gage location as designated in

Appendix 6, YY is s suffix designating the gage type, and Z

designates the applicable A_ B, or C leg of the rosette. The

leg identification for the rosette calculations (Maximum Normal

Stress, Minimum Normal Stress, and Maximum Shear Stress) has

no meaning and should be disregarded. (e.g. 16T174 would repre-

sent gage location number 167, which is a type 17 rosette strain

gage. The data presented are from the A leg.)

The identification for the uniaxial strain gages, deflection

transducer, force transducers, and pressure transducers is of

the form XXX-YY; where XXX is the gage (or transducer) location

as designated in Appendix 6 and -YY is s suffix designating the

gage (or transducer) type. (e.g. 292-06 would represent gage

location number 292, which is s type 06 uniaxial strain gage.)



APPENDIX 3 (continued)

INTERNAL PRES_JRE LOAD TEST DATA

g. Gege Orientation and Angle Reference:

Maximum normal stress is the principal stress that is the

highest algebrslc number computed. The minimum normal stress

is always at right angles to the maximum normal stress, and
the maximum shear stress is at a 45-degree angle to the

maximum normal stress. The angle to the stress axis is the

angle , in degrees, that the maximum normal stress makes with

the A leg of a rosette. This angle is positive when moving

from the A leg toward the B leg and negative when moving

in the opposite direction from the A leg.

h. Calculation Constants:

Modulus of Elasticity (E), Tension and Compression = 10.5 x 106 psi

Shear Modulus (G) = 3.9 x lO6 psl

Poisson's Ratio (/%) = 0.35

f
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LOAD PRESSURE

PAD 2

2.OPSIG

PROCEDURE
A. PRETEST

1. APPLY 0.5 PSIG FOR FUNCTIONAL CHECKOUT
OF INSTRUMENTATIONAND JIG SETUP

2. APPLY 1.0 PSIG AND RECHECK

3. REMOVELOAD
4. PROCESSDATA

B. TEST
i. APPLY 2.0 PSIG IN 0.5 PSIG INCREMENTS
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APPENDIX 4

MAXIMUM _ Q DESIGN LIMIT LOAD TEST DATA

Appendix 4 contains the test data recorded during the Maximum _ Q design

limit load test (Ref: Test No. 7). The data gages and transducers used

are described in detail in Appendix 6. The following abbreviations and

methods are used throughout this appendix for the presentation of data:

a. LOAD COND: Load Condition reference

b. ADHS: Time reference for data editing in seconds

c. PR: Rosette strain gage

d. PG4: Uniaxial strain gage

e. Typical Data :

The following data interpretations are valid for all gages and

transducers, except for deflection transducers.

.202444-03

.202444 03

-.202444-03

-.202444 03

Indicates a numerical value of .000202 (Tension)

Indicates a numercial value of 202.444 (Tension)

Indicates a numerical value of .000202 (Compression)

Indicates s numerical va_Lue of 202.4!_4 (Compression)

The positive (denoted as a lack of a sign) and the negative (-)

signs precedin_ deflection data are described in Appendix 6.

f. Column Headers:

The column headers are automatically generated by the program.

The gage identification for the rosette strain gage is of the

form XXXYYZ; where XXX is the gage location as designated in

Appendix 6, YY is a suffix designating the gage type, and Z

designstes the applicable A, B, or C leg of the rosette. The

leg identification for the rosette calculations (Maximum Normal

Stress, Minimum Normal Stress, and Maximum Shear Stress) has

no meaning and should be disregarded. (e.g. 16717A would repre-

sent gage location number 167, which is a type 17 rosette strain

gage. The data presented are from the A leg.)

The identification for the uniaxial strain gages, deflection

transducers, force transducers, and pressure transducers is of

the form XXX-YY; where XXX is the gage (or transducer) location

as designated in Appendix 6 and -YY is a suffix designating the

gage (or transducer) type. (e.g. 292-06 would represent gage

location number 292, which is a type 06 uniaxial strain gage.)
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APPENDIX _ (cont Inued)

MAXIMUM (_ q DESIGN LIMIT LOAD TEST DATA

g. Gage Orientation and Angle Reference:

h.

Maximum normal stress is the principal stress that is the

highest algebraic number computed. The minimum normal stress

is always at right angles to the maximum normal stress, and

the maximum shear stress is at a h5-degree angle to the

maximum normal stress. The angle to the stress axis is the

angle, in degrees, that the maximum normal stress makes with

the A leg of a rosette. This angle is positive when moving

from the A leg toward the B leg and negative when moving

in the opposite direction from the A leg.

Calculation Constants:

Modulus of Elasticity (E), Tension and Compression = 10.5 x 10 6 psi

Shear Modulus (G) = 3.9 x 106 psi

Poisson's Ratio (/%) = 0.35
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,,.._j

LOADS(LIMIT)

PRESSURE: 2.0 PSIG(INTERNAL)

A) MOMENT= 27.4 X 106 IN-LBS
B) SHEAR: 1.0 X 103 LBS

C) AXIAL : 0.66 X 106 !.BS

_+ +il

/

;ilii'

PROCEDURE

A) APPLY 80OoOF LOADS IN 10%INCREMENTS(NO PRESSURE)
B) HOLD 80%APPLY 0.5 PSIG PRESSURE

C) HOLD 0.5 PSIGAPPLY 90%OF LOAD

D) HOLD 90%OF LOAD, APPLY 1.0 PSIG PRESSURE

E) HOLD 1.0 PSIG, APPLY 100%OF LOAD

F) HOLD 100%OF LOAD, APPLY ].5 PSIG,THEN 2.0 PSIG
G) REMOVELOAD IN REVERSESEQUENCE

INSTRUMENTATION

A) RECORDINSTRUMENTATIONCONTINUOUSLYAND

AT EACH INCREMENTOF LOAD RECORDAND EDIT
DATA

TEST NO.7. MAX QLOAD
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_ APPENDIX 5

MECO DESIGN ULTIMATE AND FAILURE LOAD TEST DATA (REF: TEST NO. 8)





_P_D_ 5

MECO DESIGN ULTIMATE AND FAILURE LOAD TEST DATA

Appendix 5 contains the test data recorded during the MEC0 design ultimate

and failure load test (Ref: Test No. 8). The data gages and transducers

used are described in detail in Appendix 6. The following abbreviations

and methods are used throughout thls appendix for the presentation of data:

a. LOAD COND: Load Condition reference

b. ADHS: Time reference for data editing in seconds

c. PR: Rosette strain gage

d. PG4: Uniaxial strain gage

e. Typical Data:

The following data interpretations are valid for all gages and

transducers, except for deflection transducers.

.2o2444-o3

.2o2444 03

-.202444-03
-.202444 03

Indicates a numerical value of .000202 (Tension)

Indicates a numerical value of 202.444 (Tension)

Indicates a numerical value of .000202 (Compression)

Indicates a numerical value of 202.444 (Compression)

The positive (denoted as a lack of a sign) and the negative (-)

signs preceding deflection data are described in Appendix 6.

f. Column Headers:

The column headers are automatically generated by the program.

The gage identification for the rosette strain gage is of the

form XXXYYZ; where XXX is the gage location as designated in

Appendix 6, YY is a suffix designating the gage type, and Z

designates the applicable A, B, or C leg of the rosette. The

leg identification for the rosette calculations (Maximum Normal

Stress, Minimum N0rmal Stress, and Maximum Shear Stress) has

no meaning and should be disregarded. (e.g. 16717A would repre-

sent gage location number 167, which isa type 17 rosette strain

gage. The data presented are from the A leg.)

The identification for the uniaxial strain gages, deflection

transducers, force transducers, and pressure transducers is of

the form XXX-YY; where XXX is the gsge (or transducer) location

as designated in Appendix 6 and -YY is a suffix designating the

gage (or transducer) type. (e.g. 292-06 would represent gage

location number 292, which is a type 06 unisxial strain gage.)
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APPENDIX 5 (continued)

MECO DESIGN ULTIMATE AND FAILURE lOAD TEST DATA <2

g. Gage Orientation and Angle Reference:

h,

Maximum normal stress is the principal stress that is the

highest algebraic number computed. The minimum normal stress

is always at right angles to the maximum normal stress, and
the maximum shear stress is at a _5-degree angle to the

maximum normal stress. The angle to the stress axis is the

angle, in degrees, that the maximum normal stress makes with

the A leg of a rosette. This angle is positive when moving

from the A leg toward the B leg and negative when moving

in the opposite direction from the A leg.

Calculation Constants:

Modulus of Elasticity (E) Tension and Compression = 10.5 x 106 psl

Shear Modulus (G) = 3.9 x 10 6 psi

Poisson's Ratio (/_) = 0.35

%2

53O



PNEUMATIC COUNTER ,_

BALANCE SYSTEM _ _ ,, p1
d _

SA JIG

I1111

PAD 2

LOAD (LIMIT)
A) MOMENT= 0

B) SHEAR= 0
C) AXIAL = 1.16 X 106 LBS

PROCEDURE

A) APPLY 100%OF LIMIT LOAD IN 21P/_INCREMENTS

B) APPLY 140%OF LIMIT LOAD IN 10%INCREMENTS

(100 TO 14(P/_)

C) APPLY LOAD CONTINUOUSLYUNTIL FAILURE

INSTRUMENTATION

A) RECORD INSTRUMENTATIONCONTINUOUSLY

AND AT EACH INCREMENTOF LOAD RECORD

AND EDIT DATA

TEST NO. 8. MECOTO FAILURE LOADS
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k_1

TP08

TPI6

A

c

TP17
A

TP50

Tension

Compress ion

TPSI

TP53

P

INSTRUMENTATION CODING

Uniaxial Gage The black dot represents the center location

of a straln gage and the arrow indicates the direction in

which the strain was measured, with the understanding that

strain has a double sense for a given direction. The

second arrow and the "u" represents the poisson leg of a

bridge measuring uniaxial strain.

Back-to-Back Uniaxial Gs_es The black dot enclosed in a

circle represents the center location of a back-to-back

gage group having identical gage patterns on the near and

far sides of the specimen. The arrow indicates the

direction in which the strain was measured, with the

understanding that strain has a double sense for a given

direction. The second arrow and the "u" represents the

poisson leg of a bridge measuring uniaxial strain. The

numbers adjacent to the arrowhead represent the position

that each gage element will occupy as active legs in the

bridge circuit. Circled numbers represent elements on

far side of specimen and uncircled numbers represent

elements on near side of specimen. The arrangement of

the back-to-back gage-legs in the bridge circuit eliminates

the bending strain effect.

Rosette Refer to previous designations.

Back-to-Back Rosettes Refer to previous designations.

Force Transducer The line represents the load path. The

arrowhead denotes tension if directed away from the symbol

and compAession if directed toward the symbol.

Deflection Transducer The symbol represents a deflection

transducer and its deflection axis. The dot denotes the

deflection data point. Movement of the data point toward

t_e stationary e_id of the transducer denotes negative (-)

deflection, and movement of tne data point away from the

stationary end of the transducer denotes a positive (+)

deflection.

Pressure Transducer The black dot represents the location.

(There is no specific direction of action.)
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